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ABSTRACT 

The genus Hipparion is represented in the Pliocene of the Western Region, 
Turkey, at (,1.11 1 a, by fragmentary skttlls, mandibles, teeth and limb hones. 
Two large species are present; most of the fossils belong to a robust form, 
which we consider as a new species; Hipparion beintzi. A few bones belong to 
a slender hipparion, Hipparion cf. longipes Gromova, 1952. Equations to 
predict body weight using inetapodial and tooth variables are proposed. 
Estimations of body Weights based on sections of metapodials (distal 
breadths multiplied by distal depths) seem less approximative than those 
based on occlusal tooth surfaces (lengths multiplied by breadths). 

RESUME 

Le gisement de vertebres pliocenes de Qalta, Ankara, Turquie, 7. Hipparion. 
Deux espcces de grande bailie sont presentes a Qalta. I.a plupart du materiel 
(restes craniens, den tabes el squelctliqtles) e.st rapporte une nouvc-lle espece 
tres robuste, H. beintzi, done on discittc Jes differences avec H. crassum. 
Quelques restes squelettiques apportion nent a II. cf. longipes Gromova, 1952, 
une espece extrememenc gracile. Leur coexistence et la predominance de 
restes robustes sont surprenantes dans un milieu considdre commc steppique. 
On propose dc nouvellcs Equations d’estimation du poids du corps des equi- 
dcs a partir de dimensions dc metapodes et de Ja Ml superieure. Les equa¬ 
tions fondees sur le produit d’une largetir distale par un diametre 
antero-posterieur distal semblent moins sujettes h caution que les estimations 
fondees sur la surface occlusale d'unc dent, surtout pour les hipparions gra- 
ciles. 
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INTRODUCTION 

Within the updated European Land Mammal 
Zones (MN) of Mein (1990), Qilta is supposed 
to belong in the MN15 zone. The fauna is tich 
in fossils, poor in species, and points to a steppic 
environment (Sen 1977), Preliminary studies of 
the Qaha hipparions have noted the similarities 
(hut not the identity) of the robust form with 
H. crassum (Ginsburg et al. 1974; Sen et al. 
1974) and referred the rests of the slender form 
to //. longipes (1 lei nr/ et al 1975). Both H, enu- 
sum and //. longipes are poorly known species. 
H. longipes w;ls described by Gromova (1952) 
from Pavlodar, Kazakstan, and is .said to belong 
in the MN13 zone, in a dry environment 
(Vangenheim etal. 1993). 77. mission was descri¬ 
bed from Perpignan hut was also believed to be 
present at Montpellier (Gervais 1859, 1869; 
Deperet 1885, 1890). Accordingly it belongs in 
the MN15 zone, and possibly also in the MN 14 
(Alberdi be Ay mar 1995)- The context is humid 
(Aguilar et al. in press; Aymar 1992). 

Collections' of C^alta are currently housed in the 
Laboratoire de Paleomolotrie, Museum national 
d’HLstoirc naturelle, France (MNHN), and in 
MTA (Genel Mlidurlugu Tabtat Tarihi Muzesi), 
Ankara, Turkey (Forsten 1997)* 

The material was measured according to the 
recommendations of the “New York Interna¬ 
tional Hipparion Conference" (Eisenmann et al. 
1988) with one exception: on the third nietapo- 
dials, the minimal distal depth (MCI 3 or 
Mi l3) is measured on the medial condyle, not 
on the lateral. The reason is that most of our 
metapodials were already measured in this way 
(Eisenmann 1979) before the New York 
Conference, Since the minimal depth of the late¬ 
ral condyle is somewhat smaller than the medial, 
but not always in the same way, we must stick to 
the original system if we want to use our data for 
comparisons. Metrical data arc in tables 1 to )4. 
Scatter diagrams and ratio diagrams (Simpson 
1941) arc used for comparisons. 

Order PERISSODACTYLA Owen, 1848 
Family Eqliidak Gray, 1821 
Gen us Hipparion de Christol, 1832 


Hipparion cf. longipes Gromova, 1952 

Description 

We refer to H. cf. longipes one entire MtHI, a 
proximal fragment of a juvenile Mtlll; a proxi¬ 
mal fragment of a Mcljl; one entire and one 
fragmentary first phalanges; one entire second 
phalanx; one entire third phalanx — all ftom the 
main digit, and probably -all posterior; three tali 
(Pigs 1-3, 15A, B, 16A; Tables 1-3). fhe entire 
Mtlll is so long and so slender that it obviously 
cannot belong-to the robust hipparion of Qilta. 
The same is true for the entire first phalanx of 
rbe central digit. For other hones the differences 
between the two hipparions of (^alc.i are not as 
big as could be supposed. Indeed, the specific 
assignment of some second phalanges is doubt¬ 
ful: are ACA-83 and ACA-I 13 posterior pha¬ 
langes of H. heintzi , or anterior phalanges of 
H. cf. longipes (Table 14. Fig. I3F)? 

The entire Mtlll was described in detail 
by Heintz et al. (1975). As can be seen from 
figure 1, die lateral metapodials were situated 
well at the back of the diaphysis. The diaphysis 
and the epiphyses are deep: the antero-posterior 
diameters arc large in comparison with the 
breadths (fig. 2). Similar proportions (big depth 
relatively to breadth) characterize all the other 
limb bones and enable to assign to H. cf. longipes 
three tali and the fragmentary metapodials and 
first phalanx. 

Although the material is poor, it gives informa¬ 
tion about the limb proportions (Fig. 4): compa¬ 
red to the metatarsal length, the length of the 
first phalanx is short. 

Comparisons 

Metatarsals of about the same size and propor¬ 
tions (Eisenmann & Sondaar 1989) were found 
at Pavlodar (H. longipes), Karahurtm, and l.ayna 
(//. fissunie). Of similar proportions but smaller 
size are the Mtlll of La Gloria 4 and Kalmakpai 
(Eisenmann &c Mein 1996). 

Pavlodar and Kalmakpai are situated in 
Kazakhstan. Both faunas hear evidence of dry 
conditions and are supposed to belong in the 
MN13 zone, although Kalmakpai would he drier 
and closer to the Mio-Pliocene boundary 
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Fig. 2. — H. cf. longipes. third metatarsal (ACA 214), proximal 
view. Scale bar 3 cm. 

(Vangenheim ct at. 1993). At Pavlodar, Gromova 
(1952) described two species of hipparions: the 
larger as H, longipes, tlie smaller as //. clegans. 
Both forms are slender-built. Both have long 
metapodials and short first phalanges relative to 
the proximal limb hones (Fig. 4, Table 4). The 
skull of if, elegant has a preorbital lo.ssa; there is 
no skull ol II. longipes. Gromova insisted on the 
morphological resemblances between the teeth ol 
both species, which cannot be differentiated 
otherwise than by the size, while II. longipes 
seems more adapted to a dry and open environ¬ 
ment than 77. elegant [Gromova's argumentation 
(1952 : 275) Is; in II. longipes, the metapodials 
are longer than in H. elegant, the third metatarsal 
facets (or the cuneiforms I and II and for the 
cuboideum are larger, and the trapezoidcum is 
(at least in some cases) articulated with the third 
metacarpal;, therefore the limbs were longer and a 
smaller part of the body weight was born by the 
lateral digits; these (anil some other characters) 
indicate a hetter specialization for running and 
therefoie a drier and more steppic environment 
than for /1 elegant]. But Gromova was puzzled 
by the great degree of the enamel plication, sur¬ 
prising in dry conditions. In short, 11. longipes 
looks like a large H, elegans , with possibly more 
weight born by the central digits, and more 
robust first phalanges. Boih species were recently 
reviewed by Forsten (1997). 


Fig, 3. — H. cl. longipes, A. third metatarsal (ACA 55), posterior 
view; B, First phalanx of the central digit. Karaburun, anterior 
view; C postenor (?) second phalanx of the central digit 
(ACA-84) anterior view D Inst phalanx ot the central digit 
(ACA-82). anterior view: E talus (ACA-92). posterior view; 
F. third metacarpal (ACA-S6), posterior View. Scale bar: 5 cm. 

As can be seen from the table 1, the third meta¬ 
podials of Pavlodar are slightly smaller than those 
of £alta; the same is true foy the tali (Table 3). 
The first phalanges of the central digit arc not 
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only shorter but also more robust (Gromova 
1959 : 23b). 

At Kalmakpai, a few teeth were referred to 
H. elcgans, while most of the material, including 
skulls without fossa, was referred to H. bippidio- 
dus by Zhegallo (1978) and to H. cf. mogoicum 
by Torsten (1997). There is some heterogeneity 
among the metapodials, both in size and in pro¬ 
portions, and some of the metapodials seem too 
small to fit with rhe size of rhe skull 
(Eisenmann & Mein 1996). Torsten also (1997 : 
20) remarked the small size of the limb bones of 
Kalmakapai, comparative it) die large skull. All 
the upper check teeth look alike, however, with 
rather rounded protocones' and a moderately pli¬ 
cated enamel. The lower cheek teeth could be 
easily referred to II. ernssunu although, according 
to Forstcn (review of the present paper), the pro- 
tostylids are better developed in //. cf. mogoicum. 
One ftrsc phalanx of the central digit is as long as 
in H. longipes bur much more slender: In short, 
the taxonomy of the hipparion(s) of Kalmakpai 
is not quite clear. 

La Gloria 4 (Spain) is another locality where the 
fauna indicates dry conditions. It is situated in 
the middle of MNl4 zone. The entire Mtlll is 
like one specimen of Kalmakpai, but the upper 
cheek teeth are much smaller and have elongated 
protocones (Eisenmann & Mein 1996). The 
material is scarce, 

H. fissume of Layna (Crusafont & Sondaar 1971) 
is not very well known either. Although logically 
it should he closely related to the hipparion of l a 
Gloria 4 (which was indeed referred to H. fissu- 
rne by Alberdi & Alcala 1992), the resemblances 
are not as marked as could be expected 
(Eisenmann &: Mein 1996). From what is 
known about the limb bones, H. ftssttme looks 
rather like the //. cf. longipes of (,ialra, but is 
smaller (Fig. 4). Layna is believed to belong in 
the top ot MN15 (Mein 1990). 

The precise age of the Mtlll collected from the 
dills of Karahurun (Macedonia) is not known 
(Sondaar &: de Bruijn 1979). From Karahurun, 
there is also a first phalanx, preserved in the col¬ 
lections of the Laboratoirc de Palcornologic, 
MNI IN, Paris (Fig, 3, Table 2). Both the Mtlll 
and the first phalanx are very similar to 
H. cf. longipes of (falta (Fig. 3, Table 4). 


LIMB BONES PROPORTIONS 
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Fia. 4. — Ratio diagrams ot lengths of R radii; T. tibiae; Me, 
third metacarpals; Mt, third metatarsals; Phi, first phalanges. 
The corresponding data are in table 4. Qalta and Karaburun, 
Hipparion Cf- longipes: Pavlodar, H, longipes and H. elegans, 
Layna. H. Iissurae 


Conclusion 

Except for their remarkable slenderness and 
sometimes large size, all these Late Turolian or 
Ruscinian hipparions are very poorly known. 
They all seem to belong in steppic or desertic 
faunas, but there is no unequivocal evidence that 
they were more “grazers” than “browsers”. They 
may have lacked preorbital fossa — if the 
Kalmakpai skulls without (ossa are indeed asso¬ 
ciated with the slender limb bones. The 
/7, cf. longipes of Calta resembles most closely the 
Karahurun hipparion; unfortunately, the precise 
age of the latter is not known. 

THE ROBUST HIPPARION OF gALTA 

Description 

Skull 

Although we have no absolute proof that the 
skull fragments do belong to rhe robust hippa- 
rion ol (palm, their relative abundance renders 
this attribution most probable. There are three 
fragmentary skulls (Table 5). One belongs to an 
old adult; it is restricted to the palate,, the upper 
cheek teeth rows and the facial areas. It has no 
collection number hut it is in Ankara; we know 
it only by photographs (Fig. 5). The length of 
the upper cheek teeth can be estimated at about 
160 mm (Fig. 6). The other two fragments 
belong to foals (ACA-336, dP2-dP4, Ml not 
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Fig 5 — Fragment ot an adult skull without number, Ankara: profile Scale bar. 5 cm. 


erupted; ACA-337, dP2-Ml, M2 erupting, asso¬ 
ciated with a mandible). The best preserved of 
them (ACA-336, Fig. 7) is striking by the breadth 
and height of the face, and by the concavity 
below the broad and bulging nasals. There is no 
preorbital fossa. The orbits are placed very high. 
The overall impression is nor unlike that of a 
camel skull, and suggests an unusual develop¬ 
ment of the nasal cavity. Another .striking tharac- 
rer is the thickness of the post-orbiral process 
(about 20 min), particularly surprising in a juve¬ 
nile animal. Although the young age and the 
state of preservation do not allow certainty, it 
seems that the narial opening was deep (the pro¬ 
file view is slightly reminiscent ot fi. dennatorhi- 
num as illustrated by Sefve 1027, plate 1). It 
seems also that there was a contrast between the 
width of the nasal opening and the small distance 
between the premaxillaries, like in Proboscidip- 
parion sinense (Sefve 1027, plates VI, VII). 

Mandible 

There is one complete mandible (ACA-337) 


associated with the eldest foal fragmentary skull. 
The definitive II are erupting; they are grooved 
and have clips, The ascending ramus is high, and 
nearly at a straight angle with the horizontal 
ramus (Fig, 8). The horizontal ramus is relatively 
high (Table 6). 

Upper cheek teeth 

In addition to the adult upper cheek scries at 
Ankara (Pig. 6), there arc two lirtlc worn adult 
specimens; a left P3 or P4 (ACA-258: 55 mm 
high. Pig. 9A) and a right M1 or M2 (ACA-72: 
51 mm high. Fig. 9B). Both were sectioned at 
mid-height (Fig. 10A and I OB). The protocones 
are small, rounded on the vestibular side hut flat¬ 
tened on the lingual one. 'Hie fossettes are plica¬ 
ted and the pli caballins arc multiple. The lacteal 
upper cheek teeth (Fig. 11 A) are large and plica¬ 
ted. 

Lower cheek teeth 

There is no adult moderately worn specimen. 
The lacteal teeth are illustrated on figure 1 IB. 
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Limb bones 

The material is relatively rich (about seventy spe¬ 
cimens), with some associations, and well- 
preserved although some hones are distorted 
(Tables 7 to 14). As a taphonomical curiosity, it 
can be noted that out of eight humeri, seven are 
right, and that out of six tali, five are also right. 
The limb bones are big and very robust. The 
occurrence of several entire proximal limb bones 
brings interesting information as to the limb pro¬ 
portions (Fig. 12). Let us stress that the propor¬ 
tions of a single bone (robustness — graciliry) 
should not be confused with relative limb hone 
proportions; thus, the first phalanges (Fig. 13D, 
E, G) are robust, meaning that their width is 
huge relative ro their lengrh; rhev are also long, 
when compared to more proximal limb bones 
(Fig. 12); like the first phalanges, the meta- 
podials are robust (Fig. 13A, C.) hut they are very 
short relative to the radii and the tibia (Fig. 12). 

Metnpodiah 

The diaphvses of the central merapodials are 
wide and flat, the depth (antero-posterior diame¬ 
ter) being small relative to the breadth. The 
attachment areas of the interosseous ligaments 
uniting the lateral metapodiais to the third meta- 
podial are very wide (Fig. 13A, C). They seem 
situated more on the lateral side of the central 
metacarpals than in most hipparinns. in this res¬ 
pect, the hipparion of Calm resembles //. cras- 
sum from Perpignan. 'The distal supra-arricular 
tuberosiries are more developed than in H. ems- 
SHtn. All these characters ate more pronounced 
on the metacarpals than on the metatarsals. The 
lateral metacarpals are especially large and laterally 
situated, rather like in Anchitherium. On the 
third metacarpals, the articular facets for the 
fourth metacarpal are in continuity (not divided 
in one anterior and one posterior facets). So are 
the facets- for the fourth carpal (Fig- 14A). The 
facet for the fourth carpal (hamatmn) is nearly in 
the same subhorizontal plane as the facet for the 
magnum. The angulation between the-hamatum 
facet and the magnum facet is rather like in 
Eqnus , much less than in most hipparions. The 
fifth metacarpals seem to be fused with the fourth, 
and can be seen as a distinct tuberosity ort two 
specimens (ACA-134 and ACA-257) out of four 


(Fig. 14A). All second metacarpals bear a small 
facet for a trapezium. 



Fig. 6. — Fragment of an adult skull without collection number, 
Ankara: left cheek teeth row. Scale bar: 5 cm. 


GEODIVERSITAS • 1998 • 20(3} 


415 


Eisenmann V. & Sondaar P. 



Fig. 7. — Fragment of a juvenile skull (ACA-336); A. profile; B, dorsal view; C. ventral view. Scale bar; 10 cm. 
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Fig. 8. — Juvenile mandible (ACA-337), profile. Scale bar: 10 cm. 


Third phalanges 

Both the anterior and posterior third phalanges 
are very wide (Fig. 16B, C); the sole is nearly flat 
(Fig. 15D, F), while it is well excavated in 
H. cf. longipcs (Fig. 15B). In a lateral view, the 
sole appears convex (Fig. 15C, E) and the pha¬ 
lanx rocks on a horizontal plane, while it is stable 
in H. cf. longipcs (Fig. 15A). The general shape is 
reminescent of Anchithcriitm (Fig. I 5G, H). 
Possibly the robust hipparion of (Jialta, or at least 
its front loot, was subunguligrade like 
Anchitheriurn, with a large surface of contact 
with the ground. This feature may be of functio¬ 
nal significauacc for walking on soft ground. 

The conjunction of all these particularities leads 
us to propose a new specific name for the robust 
hipparion ofCjialta. 

Hipparion heintzi n.sp. 

(Fig. 13 A) 

HOLOTYPE. — Right McIII of rhe central digit 
(ACA-49a), associated with the entire Mcll 
(ACA-l49c) and rhe proximal part of the MclV 
(ACA-49b). Collections of the Laboratoire de 
Paleontologie, MNHN, Paris. 


PARATYPE. — Third anterior phalanx of the cen¬ 
tral digit (ACA-125; Fig. 16C) 

DERIVATJO NOMiNTS. — Tn honour of Emile 
Heintz as a friendly tribute to his work on 
Ncogene Mammals in general, and to his excava¬ 
tions at C^alta in particular. 

Type LOCALITY. — Qilta, Turkey, 

AGE. — Ruscinian. 

Distribution. — Turkey. 

Diagnosis. — Large and robust hipparion, 
about the size of H. primigeniuni of Howenegg 
and H. bmchypus of Pikermi. Metapodials wide, 
flat, and extremely short relarive to the radii and 
tibiae. First phalanges of the central digit robust 
but long relative to the metapodials, radii, and 
tibiae. Third anterior phalanges extremely wide, 
flat, and rocking on a horizontal plane, possibly 
subunguligrade. The fifth metacarpals are fused 
(or at least tend to be fused) with the fourth. If 
the skulls do belong to the same species, 
H. heintzi had no preorbital fossa, very high 
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Fig. 9. — A, left P3 or P4 (ACA-258), vestibular view; B, right 
Ml or M2 (ACA-72), vestibular. Scale bar; 2 cm. 


orbits, and a well-developed nasal cavity. The 
length of tlie check teeili was about 160 mm. 
The post-orbital process was very thick (at least 
it is so on the skull ACA-337). The horizontal 
ramus of the mandible was high. 

COMPAKlSONh 

Large itiul robust hippariuns with wide and flat 
diaphyses arc known in the Vallesian and the 
Turolian (Eiscnmann 1993). as well as in the 
Pliocene (Eiscnmann & .Sondaar 1989). The 
Vallesian H. prJmigenium and the Turolian 
H. bnichyptk need not he dicuSSed because they 
had well-developed preorbital fossae while the 
fossa is lacking in the skulls reterred to //. heint- 
zi. Them is no definitive information about the 
facial area in H. rchkolcum but Zltcgallu (1978: 
90) supposes the prcorbital fossa was present, 
because of the association of what he believes to 
be functionally related characters; at all events, 
the fossa is present in H inspermmu a probably 
close relative of H. trhirnicuni (Qiu er al. 1988) 
or may be even a synonym (Fursten 1992). 
Anyway, H. tchn'nicum is dearly different from 
the Qdta robust form; //. tchtcokum has a very 
shallow mandible, and reduced cups, or no cups 
at all, on the lower incisors (Qiu et al. 1987, 
fig. 29; Eiscnmann 1998). The remaining ques¬ 
tion therefore is whether the robust hipparion of 


Calra may, or may not, he a close relative or 
maybe even only a subspecies of II. erttssum 
(Albcrdi Aymar 1995). 

According to die descriptions by Gervais (1859) 
and Depdrci (1885; 1890) //. crassum is charac¬ 
terized by its very large size, plicated upper cheek 
teeth with rounded protocones, not plicated 
lower cheek teeth, laterally compressed roots on 
the incisors, and short and robust third merapo- 
dials. A complementary description of the pre¬ 
sently available material is in preparation bur we 
may already note several points. 

The skull of If. crassum mentioned by Dcperet 
(1890) and chosen as lcctotype bv Forsten 
(1968) svas never described in derail and seems 
lost. In particular, there is no information about 
the occurrence of a prcorbital (ossa. The only 
measurements given by Depe'rct are the distance 
between the prosthion and the posterior border 
of M3 (325 mm) and the length of the upper 
and lower cheek rows (respectively 170 and 
165 mm), The muzzle was therefore about 
155 mm in length, the longest recorded in hip- 
parions. 

Several fragmentary mandibles belonging to rhe 
collections of the Museum d’Hi.stoire naturelle 
de Lyon could be found and restored. The extre¬ 
mely elongated and harrow muzzle points to a 
selective browser diet (F.isenmaltu 1998). The 
incisofs arc long, straight and grooved, very 
much like those of African evolved hipparions 
(Eiscnmann 1985, pi. 1). Like in must hippa¬ 
rions, the cups are well-developed and bordered 
by a wavy enamel. 

The upper cheek teeth have ten to thirty-eight 
fossette plications, multiple pits caballin, and 




Fig. 10. — A. left P3 or P4 (ACA-258). section at mid-height; 
B, right Ml or M2 (ACA-72), section at mid-height Scale bar: 
2 cm. 
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very short and rounded protocones. T he sizes ar 
mid crown van’ between 21 mm (smallest Ml or 
M2) and 29 mm (largest P3 or P4). An unworn 
premolar is 53 mm high; an unworn molar is 
49 mm high. 

T he lower cheek reerh have t|uite variable enamel 
patterns and degrees trl plication. Little worn 
teeth may have a nearly caballoid pattern and 
wrinkled f'o.sseries. When the teeth are more 
worn (or cut at mid-crown), the enamel is usually 
(but not always) less wrinkled. Little worn pre¬ 
molars and molars may be up to 54 mm high. 
The metapodials are rather wide and Flat, 
although not all of them to the same degree. 
They seem short relative to the tibiae and to the 
first phalanges. The articular facets For the Fourth 
carpal and the fourth metacarpal are continuous 
(Fig. 14R). The attachment areas of rhe interos¬ 
seous ligaments arc wide. There is an articular 
facet for the fifth metacarpal (Fig. I4B) obser¬ 
vable on two specimens. The metapodials It and 
IV were situated laterally ra the third. 

Of //. mission of Perpignan, there are two proba¬ 
bly juvenile third central phalanges. Although rhe 
retro-osseous apophyses are not developed (possi¬ 
bly because of the young age), the general aspect is 
more like in usual hipparions: these phalanges arc 
more stable on a hori/.oriral plane than in 
//. heintzi. The third phalanx illustrated by 
Deperet (1890, pi. XIX, fig. 10) looks very wide 
(unfortunately, we have not been able to locate the 
phalanges illustrated by Deperet on this plate). 

As already pointed out by Forsten (1968), 
H. mission is not unlike H. fmniigenium, and the 
fossils found in its company point also to humid 
conditions and forest environment (Aymar 1992; 
Aguilar et al. ill press). 

Discussion 

The large overall size, the robustness, even the 
upper check tooth morphology, are rather similar 
in H. crassum and H. heintzi, The main diffe¬ 
rences arc the larger size of H. heintzi, its exagge¬ 
rated tendency to wide and flat metapodials, and 
a relatively reduced and subhorizontal facet for 
the hamatum, Actually, the resemblances are very 

Fig. 11. — A. upper lacteal cheek teeth: B, lower lacteal cheek 
teeth (ACA-337). Scale bar: 3 cm. 
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Fig. 12. — Ralio diagrams ol lengths ot R, radii. T, tibiae. Me, 
third metacarpats. Mt. third metatarsals. Phi, first phalanges. 
The corresponding data are in table 4. Hadar, H cf. afarense 
(AL 155-6): (Jalla. H. heintzi, Howenegg, H. primigenium 
Pikermi, H brachypus. 


puzzling in face of the radically different envi¬ 
ronment evidenced by the associated fauna. 

One of the striking characters of H, heintzi is the 
shortness of the metacarpals relatively to the 
radii. When these lengths are plotted for several 
hipparions together with the corresponding 
lengths of mountain and plains zebras (Fig. 17), 
H. heintzi is the only hippanon to come close to 
the mountain zebra (there are no data for the 
radius length of H. crossunt). We were tempted to 
consider this feature as an evidence of adaptation 
to climbing steep slopes, as could he also the case 
of one “caprn-like” bovirl (Bouvrain,. this volu¬ 
me). The shape of the third phalanges is, howe¬ 
ver, in contradiction with such an interpretation: 
hooves are usually narrow in climbing unguli- 
grades. 

Altbough the material does not permit quite 
satisfactory comparisons, the shape of the man¬ 
dible and of the muzzle were probably different 
in //. cntssuni and if. heintzi. 11. rntssum had an 
extremely elongated muzzle which can be consi¬ 
dered as belonging to a browser (F.isenmann 
1998). As much as can he seen trom the juvenile 
mandible referred to H. heintzi. the muzzle was 
shorter. When juvenile mandibles of the same 
age are compared (ACA-337, Pp 206, Pp 209), 
the ascending ramus and ihe horizontal ranuis 
are higher in 11. heintzi relative to the length 
dP2-Gonion (Table 6). 


BODY WEIGHT ESTIMATIONS 

After the present paper was finished, S. Sen 
asked us for measurements of the lower molars of 
(,’alta hipparions in order to calculate their body 
weights. The material is very poor or lacking; 
besides, we were sceptic about die reliability of 
the technique itself. After some discussion, it was 
decided that we would estimate body weights, 
using what techniques we considered to be the 
best, and compare the results with other authors 
works. 

A previous study (Eisenmann & Karclioud 
1982) addressed the question of size Correlation 
between skull and metapodial variables in cquids 
for which one of us (VE) has collected and 
published numerous data. On a sample of 
138 modern equids, it was found that the basi¬ 
cranial length is lcs.s correlated with the lengths 
of ntetapodials than with their widths (in parti¬ 
cular the distal .supra-articLilar width of the third 
metacarpal: MC10) and depths (in parricular the 
distal minimal depth ol the medial condyle of 
the third metacarpal: MCI 3). This can be 
understood intuitively, since the skull is “suppor¬ 
ted" by the sections ol the hones, not by their 
lengths. We considered to using the “section”, i.e. 
the product of these widths and these depths 
(MG 10 and MCI 3) to see if the correlation 
would he better, but we had no time to do it. In 
a recent paper, Alberdi rt at. (1995) used skeletal 
data and dara on weights ol different extant 
equids to compute regression lines and predict 
body weights of fossil species, According to 
them, the body weights correlate best with the 
depths of the first phalanges, and the minimal 
depths of the medial condyle of the third meta¬ 
carpals (MC13). It is interesting to note that the 
last one also correlates extremely well with the 
basicranial length (Eisenmann N h’archoud 
1982). 

The problem of body weight correlations with 
skeletal variables is, however, very difficult because 
of the poor information on body weights. 
Individual weights ol animals to which the skele¬ 
tons available in osteological collections belonged 
tire, in general, hot recorded. The published “ave¬ 
rage" data on live animals may be given separ¬ 
ately for males and females, or lumped. The size 
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Fig, 13, — A H, H. helnlzt, A, metacarpal III (ACA-49A), ventral view, 8, talus fACA-65),, ventral view, C. metatarsal III (ACA-52), 
ventral view;, D. first anteiior phalanx of the central digit (ACA-106), dorsal view. E. first posterior phalanx of the centra) digit 
(ACA-122). dorsal view: F, second phalanx of the central digit (ACA-113). dorsal view Posterior of H. heintzi or anterior of H. cf Ion- 
gipes ? G, first anterior phalanx of the central digit (ACA-78), dorsal view: H, second anterior phalanx of the central digit (ACA-B1). 
dorsal view, Scale bar: 5 cm. 


of the sample and the range of variation may be 
not known. Moreover, some published data may 
be incorrect. Thus a weight of 400 kg for rhe 
extinct quagga is very probably excessive: quag- 
gas and plains zebras skeletons and skulls ate 
about the .same si/e; if plains zebras weigth about 
235 kg (Alberdi et al 1995; see also Kingdctn 
1979), quaggas could not weigh nearly the 
double. One should also consider with caution 
the value of 350 kg used for Prz.ewalski’s horses 
(Alberdi et al. 1995). The most reliable data on 


body weight of Przewalski's horses are those 
recorded for members of the first and second 
generation at Askania Nova: three adult males 
weighed 278-297.2 kg; one male, three years old, 
weighed 260 kg, and two aduli females weighed 
240 and 280 kg (Groves 1994). Wc have contac¬ 
ted Dr Zimmermann, a specialist ol Przewalski’s 
horses (Zoological Garden ol Koln, Germany) 
who confirmed that, according to her data, rhe 
average weight of Przevvalskfs horses wax about 
275 kg, not 350 kg. 
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Fig. 14. — A. H. heintzi , metacarpals II. Ill, IV, and V (ACA-257), 
proximal view; B, H. crassum, metacarpals II, III, and IV 
(PER 48). proximal view. Scale bar: 1 cm. 


In spite of all these difficulties, we tried to see 
what could be done with the information at our 
disposal that we judged reliable (Table 15). Data 
on body weights of individual domestic horses 
and donkeys were found tn the collections of the 
Institut fur Haustierkunde of Kiel (Germany), 
and of the Comparative Anatomy Laboratory, 
Paris (France). For Przcwal sla's horses, we accep¬ 
ted an average body weight of 275 kg (Groves 
1994; Zimmermaim pets, com.), Body weights 
of Hartmann's zebras come from Joubert (1974) 
and Pen/,horn (1988). Kingdon (1979) reports 
body weights of plains zebras and Grevy’s zebras. 
The maximum weight of the Poitou donkeys was 
taken from Audiot (1977)- Data on skulls, meta- 
podials, and teeth are our own (most of them 
published tn Fisenmann 1979, 1980). For 
Przewalski’s horses, we have taken care to use 
only the osreologicai material of old collections 
(mostly St Petersburg and Moscow). For moun¬ 




E F 



G H 

Fig. 15. — H. of, langipes, third posterior (?) phalanx or the cen¬ 
tral digit (ACA-87); A. protile; B, articular view: H. heintzi, third 
posterior phalanx ot |he central digit. ACA-89 C. protile D. arti¬ 
cular view. H. heintzi, third anterior phalanx ol Ihe central digit 
(ACA-125); E. profile; F. articular view. Anchitherium auretianen- 
se, Sansan, third anterior phalanx of the central digit (Sa4997); 
G. profile; H, articular view. Scale bar: 5 cm. 


tain zebras, we have used only the data on the 
subspecies £. zebra hartmatmae (which is larger 
chan £ zebra zebra). 

Estimations of body weight based on the 

miRD Ml-'!'Ai M’PAI.S 

Dispersion diatprarn of weight versus distal depth of 
Mem (MC13) 

Since the data are very scanty, we did nor calcula¬ 
te regression lines bur just plotted our values 
(Fig. 18). As can be seen, similar weights (around 
140 kg) may be found in animals with different 
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values of MC13: 19.3 to 22 min. On the other 
hand, similar values of MCI 1 (between 28 and 
28.5 mm) may correspond to i|uite different 
body weights: 207 kg for a donkey (Kiel 
No. 1395), 263 kg for a domestic horse (Kiel 
No. 131431), 275 kg for an average Przewalskis 
horse, 343 kg (maximum for Hartmann’s zebras), 
and 400 kg for an average Crew’s zebra. Note 
that the domestic horse plots close to the average 
Przewalki's horse. 

Scatter diagram of weight versus product of distal 
depth of Mclll {AlC 13) by distal width (MC10) 
The values for domestic horses and donkeys are 
better aligned (Fig. 19) but the wide range of 
variation discussed above still exists for values of 
the product comprised between 1200 and 
1300 square millimeters. It looks as if donkeys, 
horses, and plains zebras were on a line with a 
smaller intercept than the lines of Hartmann’s 
and Grevy's zebras 

One possible reason may lie in the different sizes 
of the skulls. Indeed, values of 28-28.5 nun ol 
the distal depth of the. medial condyle (MCI3) 
correspond to basilar lengths of; 452 mm in the 
donkey, 492 mm in the domestic horse, an ave¬ 
rage of 487 mm in eleven Przewalskis horses, a 
maximum ol 510 mm in lorry-six Hartmann’s 
zebras, and an average ol 532 mm in fifty-one 
Grevys zebras (Table 15). Although this particu¬ 
lar explanation (skull size) may be incorrect, or 
play a minor role, ii is clear that body weight 
estimations cannot be accurate if they take into 
account only one parameter, because one para¬ 
meter does nor reflect the whole anatomical spe¬ 
cificity of a taxon. 

Computed regressions 

Alberdi t't etl. (1995) have published tables of 
correlation between weights and skull, teeth and 
limb bone measurements in modern equid spe¬ 
cies, and given corresponding equations for pre¬ 
dicting body weights. According to them, one of 
the best predictors is a distal depth of the third 
metacarpal; 9,3')% for the Standard Error of the 
Estimate. Their computations were performed 
on natural logarithmic values (Ln). 
following the advice of Leslie Marcus, we have 
tested the equations proposed by Alberdi et al. 



Fig. 16. — A H. cf. longipes, Iturd posterior (?) phalanx of the 
central digit (ACA-87). dorsal view; B, C, H. heintzr, B, third pos¬ 
terior phalanx ol the central digit (ACA-89), dorsal view; C. third 
anterior phalanx ot the central digit (ACA-125), dorsal view. 
Scale bar. 3 cm. 
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Fig. 17. — Scalier diagram of third metacarpal and radius 
lengths in equids. In the mountain zebras, the metacarpal is 
shorter relative to the radius than in the plains zebras. H. heintzi 
is the only "robust" hipparion to plot close to the mountain 
zebras. 


(1995) on the means calculated with the data in 
our table 15 and on the maximal values for the 
Poitou donkeys. It is interesting to note 
(Table 16) that the best estimations are not 
always obtained with the same variables: MClO 
gives less errors for Przewalskis horses, donkeys, 
and Hartmann's zebras: MC13 gives belter esti¬ 
mates for the other forms. The weight of 
Przewalskis horses is notably overestimated (23-3 
and 37.5% error). L he percentage of error lot 
the weight of the Poitou donkev is small with 
MClO (7.6%) large with MCI3 (36.3%). 

Using the same data* we have also computed new 
slopes and intercepts for three metacarpal 
variables. The equations are: 

Ln of the weight = 

- 5.768 + 3.011 (Ln MClO). R = 0.94 
Ln of the weight = 

-3.152 + 2.665 (Ln MC13). R = 0.92 
Ln of the weight = 

— 4.525 + 1.434 (Ln of the product of MClO by 
MCI3). R = 0.94 

The correlation is better for MClO and its pro¬ 
duct by MCI3, than for MC13. As could be 


expected, since the animals tested were also used 
to compute slopes and intercepts, our error per¬ 
centages are less than those obtained with 
Albetdi ct nl. (1995) equations (Table 16). For 
the product of MClO by MC13, the errors are 
intermediate between errors for MClO and 
errors lor MCI 3. litis product does better only 
for rhe weight ol small donkeys (overestimated 
by MCI3. and underestimated by MClO). 

Ic is more interesting to remark that, whatever 
the equations used, the weight ol Grevy.s zebras 
is overestimated, while the weight of Przewalski s 
horses is underestimated. As noted above for the 
diagrams o( dispersion, the icgrcssion lines of 
these two forms differ probably by the intercepts; 
the regression computed foi all equids together is 
a compromise; it cannot provide correct predic¬ 
tions for every species. 

Estimations of body weight based on the 
niiRn mitatarsals 

On the whole, the observations made for third 
metacarpals are valid for third metatarsals. 

The equations computed with our data are: 

1 n of the weight = 

-4.362 * 2.634 (Ln MT10). R = 0.93 
1 n of the weight = 

-4.552 + 3.100 (Ln MT13). R = 0.94 
Ln of the weight = 

- 4.585 i- 1.443 (Ln of the product of MT10 by 
MT13). R= 0.94 

Error percentages are compared in table 16. 
Estimations based on a tooth 

Using the surface of an Eqmts toorh |occ!usal 
length (Ol) multiplied by occlusal breadth (Ob)] 
to predict weight seems an enterprise doomed to 
give approximations such as 1 it is a small horse’’, 
or "it is a big horse”. There are many reasons for 
that. First there is the matter of tooth wear, 
which reduces the occlusal surface; then the tech¬ 
nic 1 of measure (with or without cement); then 
the individual intraspeeific variation which is 
much bigger for teeth than for limb bones. 
Moreover, some equids arc niicrodont, and 
others macrodont. For example, the index of the 
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Fig. 18. — Scatter diagram of the body weight versus the distal minimal medial depth of the third metacarpal (MC13). 



Fig. 19. —• Scatter diagram of the body weight versus the product of the distal maximal supra-articular breadth (MCI 0) by the distal 
minimal medial depth of the third metacarpal (MCI3). 
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Fig. 20. — Scatter diagram of the body weight versus the occlusal surface of the upper Ml. 


occlusal surface of Ml to the product MC10 X 
MC13 Is 54% in Przewalski’s horses, but less 
than 50% in Grevy’s zebras. 

Scatter diagram of Weight vs occlusal surf tee of 
upper Ml 

As could be expected, and as can be seen on figu¬ 
re 20, horses rend to have relatively bigger occlu¬ 
sal surfaces than Grevy’s zebras. All the points 
are, however, quite scattered. 

Computed regressions 

As noted by Aiberdi et al. (1995), dental 
variables arc not very good to predict, body mass. 
We have compared the percentages of error in 
the satire ways as lor the metapodial variables 
(Table 16). Using the equation of Aiberdi et al. 
(1995), weights arc quite overestimated for 
horses and donkeys. 

The equation computed with the means calcula¬ 
ted on the data of table 15, and on the maximal 
values for the Poitou donkeys is: 

Ln of the weight = 

- 6.388 + 1.873 (Ln surface Ml). R = 0.82 


It tends to overestimate the weights of horses 
(because they are relatively macrodont), and 
underestimate the weights of the (relatively 
nucrodont) zebras (Table 16), 

Although there exists a correlation (R = 0.82) 
between the occlusal surface of the upper Ml 
aiid the body weight, it does not grant an accep¬ 
table estimation of the latter. 


Estimations in the hipparjons of Qua a and 
Pavtodar (Fig. 21) 

For H. heintzi, the techniques based on the 
metacarpal and metatarsal variables, whatever the 
equations used, give estimations comprised bet¬ 
ween 300 and'360 kg. When the estimations are 
done from the surface ol the ML values o! 240 
to 280 kg arc found. According to the index of 
the occlusal surface ol Ml to the product 

MC10 x MC13, which is less than 43%, 

H. heintzi is quite microdonr. so naturally the 
weight will be underestimated using tooth size as 
predictor. For H. heintzi, the body weight is pro¬ 
bably better estimated by the metapodial 
variables. 


426 


GEODIVERSITAS • 1998 • 20(3) 



H. longipes, Pavlodar 

according to MT10 I I 

according to MT13 
according to MT10 X MT13 ^)(- 


H. heintzi, Qalta 

J-1 

■too 150 200 250 300 350 400 450 kg 

Fig. 21. — Comparison of hipparion body weight estimations based on the surface of the upper Ml, and on various metapodial 
variables. MC10, MT10, distal maximal supra-articular breadths of Mclll and Milll; MC13, MT13, distal minimal medial depths of 
Mclll and Milll; MC10 x MC13 and MT10 x MT13. products of distal maximal supra-articular breadths by the distal minimal medial 
depths in Mclll and Mtlll, 





For H. cf. longipes of (Jalca, using the metatarsal 
equations (there are no teeth and no distal meta- 
carpals), the estimated weights range from 212 ro 
323 kg. H, cf. longipes differs from all the equids 
used to compute these equations by a very nar¬ 
row and ver) r deep distal Mtlll. Consequently 
the equations based on MTJ0 give much smaller 
estimations than those based on MT13. In this 
case, it is probably safer to use the product ot 
Mill) by MI’l 3 and estimate the weight at 
about 256 kg. 

More problems arise in the case of H. longipes of 
Pavlodar. We have no data on the size of its teeth 
other than those published by Gromova (1952) 
who has probably included the cement in her 
measurements. If we use these data, H. longipes 
appears extremely macrodonn the indices of the 
occlusal surface of Ml to the products 
MC-MT1II X MC-MT13 are more than 66%. 
Accordingly, weights estimated on the Ml surfa¬ 


ce range from 331 to 457 kg (more than for 
H. heintziI). On the other hand, weights estima¬ 
ted on MC10 and MT10 range only from 158 
to 221 kg. Using the products of 
MC10 x MCI3 and M‘1’10 X MT13 gives a 
(probably not too had) weight estimate of 
210-222 kg. 

Conclusions 

Different forms of Equus are not constructed in 
the same way; some have big heads, some have 
wide or deep bones, some have small teeth. 
Equations computed on any variable, for all 
forms of Equus . will resulr in compromises: the 
weights of some species will he Correctly estima¬ 
ted, the weights of other species will be over- or 
underestimated. In practice, the tooth surface is 
among the worse parameters to predict body 
weight. Estimations based on limb bones widths 
and/or depths are more reliable. In some cases, it 
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may be safer to combine width and depth (using 
their product). In II. longipes for example, mc-ta- 
podials are extremely narrow and deep; .such 
morphologies, unknown in modern I : quits, could 
not be considered when computing the equa¬ 
tions. Thus the Eqttus equations give fanrasuc 
indications for the weight of this hipparion: 153 
or 177 kg according to the width of the MelII; 
263 or 296 kg using the depth of the same bone. 
Tentatively, we propose weights of 300-350 kg 
for H. heintzi, 250-260 kg for hi. cf. longipes of 
(Jalta, and 210-220 kg for II. longipes of 
Pavlodar. 

As always, the most difficult part of die work is to 
find reliable data. One mast constantly be aware 
that the use of statistical equations cannot impro¬ 
ve poor and rare data, Confidence in the results 
should be more proportional to the qualiry of the 
data, than to the sophistication of the methods. 

CONCLUSIONS 

The rodents of Calra (Sen 1977) bear ev idence of 
a steppe environment. The presence of Pliospalax 
(16% of the rodents) and the high number of the 
gerbillinc Pseudomeriones abbreuiatus tcbalteiemis 
(56.8% of the rodents) are remarkable in this 
aspect. The low specific diversity of the fauna 
(but there ate two equids) suggests an also 
somewhat isolated biotope. Both are well in 
accord with the geographic situation of Calra 
(Central Anatolia) and the altitude (more than 
1000 m, probably the same now and during the 
Pliocene), Both are ar the opposite of what we 
know of Perpignan which is located near the 
Mediterranean and yielded a diversified fauna 
(but with one cquid only) belonging in a forest 
environment. 

During the Pliocene, Old World hippations 
become rare in comparison with other large her- 
bivoroux ungulates like bovids and ccrvids (Sen 
et al. 1978). They also show extreme specializa¬ 
tions: dolichcipodial and slender hipparions like 
H. cf. elegn.) is at La Gloria 4 (Eisenmann & Mein 
1996) and H. fissurae at Layma (Crusafont & 
Sondaar 1971) or brachypodial and robust forms- 
like H. emssitm at Perpignan. The dolichopodial 
and slender forms are found in arid contexts. 


while H. crassurn is part nf a humid fauna. What 
is unique abour CJlalta, is the occurrence ol -a bra¬ 
chypodial and robust hipparion in an arid 
context. Surprisingly enough, the robust 
H. heintzi is even more abundanr than the slen¬ 
der II. cf. longipes. 

We tentatively propose that II. heintzi was a 
subungidigrade walking on a soft soil. The 
occurrence and abundance of Pseudomeriones and 
Pliospalax (burrowing species) are consistent wirh 
this hypothesis, The fragmentary skulls referred 
to H. bemtzi may have borne nasal specializa¬ 
tions (like what may be fount! in camels and sai¬ 
gas) consistent with an arid climate. Bur We are 
fully aware that pur interpretation would have 
been quite different in other contexts. Had we 
not had the extremely wide third phalanges at 
our disposal, we would have interpreted the 
shortness of the metapodials relative to the proxi¬ 
mal limb bones as an adaptation for climbing. 
Had the rest of the fauna not been so clearly 
steppic, we would have taken the robustness of 
the metapodials as evidence of a humid climate. 
Inside the same genus, different species frequent¬ 
ly associate similar characters in different ways 
(Eisenmann & Mein 1996; For.sten 1997; 
Eisenmann 1998). A species may be recognized 
by its own, peculiar, mosaic of characters but 
each character taken separately is not diagnostic 
of the species. At most, an isolated character may 
give an ecological hint, although some ol the 
classically accepted "hints' do not seem to fit 
with what we suppose about (^alra: such is the 
case of the robustness of the bones and the high 
degree of enamel plication of H. heintzi that are 
usually considered as tokens of humidity; 
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APPENDIX 

MEASUREMENTS AND STATISTICS 


Table 1. — H. longipes (Pavlodar: PIN 2346-6867 and PIN 2413-5030) and H. of. longipes (Qalta, ACA). third metacarpal and third 
metatarsals, measurements in millimeters. Estimated dimensions between brackets. 


Mclll or Mtlll 

Mclll 

Mclll 

Mtlll 

Mtlll 

Mtlll 

Mtlll 

ACA-56 

Pavlodar 

Pavlodar 

ACA-214 

ACA-209 

ACA-55 juv 

Maximal length 


255.0 

300.0 

318.0 



Minimal breadth 

29.0 

27.0 

28.5 

29.5 

28.3 

24.0 

Depth at the same level 

27.3 

26.0 

30.0 

30.0 

27.0 

24.0 

Proximal articular breadlh 

[44.5] 

42.0 

46.0 

42.0 


42.0 

Proximal arlicular depth 

[32] 

28.0 


35.0 


35.0 

Distal maximal supra-arlicular breadth 


37.0 

39.0 

40.0 



Distal maximal articular breadth 


36.9 

39.0 

[37] 



Distal maximal depth of the keel 


29.5 

33.0 

[34] 



Dist. min. depth ot the medial condyle 


26.7 

26.0 

28.0 



Dist. maximal depth of med. condyle 


27.5 

30.0 

31.0 



Diameter facet 3rd carpal or tarsal 

38.5 

36.0 

39.0 

40.0 


39.0 

Diameter facet 4th carpal or tarsal 

11.5 

11.0 


11.0 


11.0 


Table 2. — H. cf. longipes from Karaburun (Slq) and Qalta (ACA): first, second and third phalanges of the central digit, measure¬ 
ments in millimeters. Estimated dimensions between brackets, tuber., tuberosities. 



Phi 

Phi 

Phi 

Phil 

Phlll 


ACA-82 

ACA-124 

Slq 1915 

ACA-84 

ACA-87 

Maximal length 

75.0 


74.0 

48.0 

56.0 

Anterior length 




37.5 

53.5 

Maximal breadth 

Minimal breadth 

29.0 


26.9 

36.5 

64.0 

Proximal breadth 

[40] 

43.0 

39.1 

42.5 


Proximal depth 

[34] 

32.0 

33.8 

29.0 


Distal breadth at tuber. 

[33] 



42.0 


Distal articular breadth 

[34] 


32.0 

24.0 


Distal articular depth 
Articular breadth 



19.0 


39.0 

Articular depth 





24.0 

Circumference 





145.0 
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Table 3. — H. cf. longipes oi Qalta and H. longipes of Pavlodar. Tali, measurements in millimeters. Max., maximal; diam., diameter. 
The measurements for H- longipes of Pavlodar are average on 9 specimens (Gromova 1952). The first one is not exactly the same 
(medial height in Gromova). 


Tali 

ACA-259 

ACA-63 

ACA-92 

H. longipes 

Maximal length 

65.0 

62.5 

65.0 

[61.1] 

Max. diam. medial condyle 

63.0 

64.0 

61.5 


Maximal breadth 

52.0 

58.0 

55.0 

55.9 

Breadth of trochlea 

25.7 

25.0 

26.5 


Distal articular breadth 

45.2 

50.0 

48.0 

45.5 

Distal articular depth 

40.0 

41.0 

37.0 

34.5 

Maximal medial depth 

52.0 

52.5 

49.0 

49.1 


Table 4. — Lengths In millimeters of humeri (H), femora (F), radii (R), tibiae (T), third metacarpals (Me), third metatarsals (Mt), first 
phalanges (anterior and posterior) of the central digit (Phi). For the femora of hipparions, the length is from caput femoris to lateral 
condyle. For the other limb bones, the lengths are maximal. Maximal breadth of the third anterior phalanx of the central digit (Phlll). 
n. number of specimens. 




H 

n 

F 

n 

R 

n 

T 

n 

E. hemionus onager 


241.3 

10 

329.7 

10 

293.5 

10 

313.0 

10 

H. longipes 

Pavlodar 



335.0 

1 

304.0 

1 

378.0 

1 

H. fissurae 

Layna 







340.0 

1 

H. elegans 

Pavlodar 

213.0 

2 



242.2 

5 

307.5 

2 

H. heintzi 

Qalta 

274.7 

3 

387.0 

2 

297.3 

7 

375.0 

1 

H. primigenium 

Hdwenegg 

275.0 

3 

378.3 

3 

287.5 

2 

367.5 

4 

H. brachypus 

Pikermi 

268.0 

1 

342.0 

1 

290.0 

2 

355.0 

2 

H. afarense ? 

Hadar: AL 155-6 

281.0 

1 



332.5 

1 

392.5 

1 




Me 

n 

Mt 

n 

Phi 

n 

Phlll 

n 

E. hemionus onager 


214.1 

10 

250.8 

10 

73.8 

20 

54.0 

8 

H. longipes 

Pavlodar 

252.0 

2 

305.3 

3 

68.5 

3 



H. cf. longipes 

Qalta 



318.0 

1 

75.0 

1 



H. cf. longipes 

Karaburun 



302.0 

1 

74.0 

1 



H. fissurae 

Layna 

250.0 

1 

288.0 

1 

67.0 

2 



H. elegans 

Pavlodar 

198.3 

35 

232.2 

50 

56.4 

34 

54.0 

2 

H. heintzi 

Calta 

200.4 

7 

234.7 

7 

67.6 

11 

76.0 

1 

H. primigenium 

Howenegg 

214.0 

3 

245.0 

3 

65.1 

6 

64.5 

2 

H. brachypus 

Pikermi 

211.8 

45 

246.8 

53 

63.2 

8 



H. afarense ? 

Hadar; AL 155-6 

267.0 

1 

296.0 

1 

72.8 

2 

82.0 

1 


432 


GEODIVERSITAS • 1998 • 20(3) 




Hippanon from (,'alla 


Table 5. — Skulls: measurements in millimeters. Estimated dimensions between brackets. Ant-post., antero-posterior; Dors-ventr., 
dorso-ventral; For. infraorb., foramen infraorbitale; alveol.. alveolar. 


Skulls 

Ankara 

ACA-336 

ACA-337 

P2 to orbit 


158 

[190] 

Palatal length 

[125] 

110 


Vomerine length 


104 


Premolar length 

[85] 

105 

102 

Molar length 

[71] 


[82] 

Cheek teeth length 

[157] 



Choanal length 

[74] 

61 


Minimal choanal width 


31 


Maximal choanal width 

[42] 

37 


Palatal width 

[70] 

70 

75 

Length of temporal fossa 


58 


Frontal width 


225 


Bizygomatic width 


206 


Basioccipital width 


[115] 


Posterior ocular line 


[180] 


Height of auditive meatus 


13 


Ant-post, orbital diameter 


52 


Dors-vent. orbital diameter 


47 


For. infraorb. to alveol. border 


50 

[60] 


Table 6. — Mandibles: measurements in millimeters. Estimated dimensions between brackets. 


Mandibles 

H. heintzi 

ACA-337 

dP2-(M2) 

Qalta 

H. crassum 
Pp 206 
dP2-(M2) 
Perpignan 

H. crassum 

Pp 209 

dP2-(M2) 

Perpignan 

H. crassum 
Pp 210 
P2-M2 
Perpignan 

Maximal length 

410.0 




Length Gonion-lnfradentale 

390.0 




Length P2-Gonion 

272.0 


290.0 

290.0 

Height at the condyle 

230.0 


210.0 

245.0 

Height at the coronoid 




265.0 

Height at incisura mandibul. 

215.0 

216.0 

195.0 

230.0 

Breadth of ascending ramus 

122.0 


130.0 

135.0 

Height under Ml 

77.0 

74.0 

73.0 

80.0 

Height between P4 e! Ml 

75.0 

71.0 

69.0 

78.0 

Height under P4 

75.0 

69.0 

69.5 

76.0 

Height under P3 

73.0 

68.0 


65.0 

Height in front of P2 

61.0 

54.5 

59.0 

55.0 

Length of symphysis 

87.0 




Muzzle length 

[115] 




Diastema P2-I3 

67.0 




Alveolar premolar length 

97.0 

95.0 

95.0 

90.0 

Min. breadth of symphysis 

41.0 


45.5 
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Table 7. — Humeri: measurements in millimeters. Estimated dimensions between brackets. 


Humerus ACA-101 

ACA-102 

ACA-100 

ACA-94 

ACA-96 

ACA-95 

ACA-97 ACA-99 

Maximal length 

[280] 

262.0 


[282] 





Maximal length from caput 

265.0 

248.0 







Minimal breadth 

35.5 


34.0 

35.0 

36.0 


35.0 

37.5 

Depth at the same level 

42.0 


45.0 

46.0 

46.0 


42.0 

48.0 

Prox. depth at median, lubercule 


[100] 


[105] 





Maximal breadth of trochlea 

77.0 

75.0 

76.0 

80.0 

78.0 

76.0 

73.0 

82.0 

Maxima] distal depth 


[85] 







Maximal trochlear height (medial) 


48.0 

51.0 

50.0 

50.0 




Minimal trochlear height 

[38] 


35.6 

40.0 

34.0 

31.0 


39.0 

Trochlear height at sagittal crest 

47.0 


43.0 

47.3 

40.5 

38.0 


45.0 


Table 8. — Radii: measurements in millimeters. Estimated dimensions between brackets. 


Radius 

ACA-229 

ACA-47 

ACA-230 

ACA-57 

ACA-104 

Maximal length 

306.0 

286.0 

300.0 

302.0 

307.0 

Medial length 

282.0 

273.0 

281.0 

274.0 

286.0 

Minimal breadth 

42.0 

[45] 

45.0 


45.0 

Depth at mid-diaphysis 

26.0 

[31] 

30.0 


28.0 

Proximal maximal breadth 

79.0 


78.0 


76.0 

Proximal articular breadth 

74.0 


76.5 


74.0 

Proximal articular depth 

42.0 

[39] 

[36] 


41.0 

Distal maximal breadth 

75.0 

70.0 

69.0 


72.0 

Distal articular breadth 


58.0 

60.5 


64.0 

Distal articular depth 

40.0 

38.0 

40.0 


38.0 

Breadth radial condyle 

26.0 

25.0 

26.0 


28.0 

Breadth ulnar condyle 


13.5 

13.0 


14.5 


Radius 

ACA-107 

ACA-105 

ACA-108 

ACA-148 j 

Maximal length 

307.0 

273.0 



Medial length 

287.0 

261.0 



Minimal breadth 

43.0 

44.0 



Depth at mld-diaphysls 

34.5 

27.5 



Proximal maximal breadth 


[83] 



Proximal articular breadth 


76.0 



Proximal articular depth 

43.0 

40.0 



Distal maximal breadth 


75.0 

71.0 


Distal articular breadth 


65.0 

65.0 

59.0 

Distal articular depth 


37.0 

36.5 


Breadth radial condyle 

[25] 

26.5 

29.0 

23.0 

Breadth ulnar condyle 

15.0 

15.0 

15.0 

15.0 
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Table 9. — Femora: measurements in millimeters. Estimated dimensions between brackets. 


Femur 

ACA-236 

ACA-103 

ACA-109 

ACA-117 

Length from caput to lateral condyle 

384 0 

390.0 



Minimal breadth 

39.0 


35.0 

40.0 

Depth at the same level 

50.0 


50.0 

48.5 

Maximal diameter of caput 

57.0 

58.5 



Maximal distal depth 

more than 101 

more than 105 




Table 10. — Tibiae: measurements in millimeters. Estimated dimensions between brackets, j, juvenile. 


Tibia 

ACA-115 

ACA-59 

ACA-151 

ACA-112a 

ACA-208 

Maximal length 

382.0 





Medial length 

361.0 





Minimal breadth 

47.0 

45.5 

44.0 

43.0 

42.0 

Depth at same level 

36.0 

30.0 

31.5 

30.5 

30.3 

Distal maximal breadth 

[76] 


74.0 

79.0 

71.0 

Distal maximal depth 

[49] 


50.0 

46.0 

48.0 

Length of fossa digitalis 

58.0 





Breadth of fossa digitalis 

19.0 






Tibia 

ACA-231 

ACA-60 

ACA-116 j 

ACA-58 j 


Maximal length 






Medial length 






Minimal breadth 

44.0 


41.0 

38.0 


Depth at same level 

32.0 

31.0 

32.0 

27.0 


Distal maximal breadth 

77.0 


71.0 



Distal maximal depth 



48.0 

46.5 



Length of fossa digitalis 
Breadth of fossa digitalis 


Table 11 . — Tali: measurements in millimeters. Estimated dimensions between brackets. 


Talus 

ACA-62 

ACA-65 

ACA-64 

ACA-66 

ACA-61 

ACA-112b 

Maximal length 

56.5 

59.0 

63.0 

55.5 

62.0 

58.0 

Max. diam. medial condyle 

60.0 

63.0 

65.1 

[57] 

61.5 

61.0 

Maximal breadth 

63.0 

64.0 

66.0 

60.0 

60.5 

63.0 

Breadth of trochlea 

30.0 

30.5 

30.0 

30.0 

30.0 

31.0 

Distal articular breadth 

50.5 

50.3 

51 5 

49.0 

50.0 

50.5 

Distal articular depth 

39.0 

39.0 

39 0 

[37] 



Maximal medial depth 

51.0 

52.0 

54.0 

50.0 

51.0 

50.0 
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Table 12. — Calcanea: measurements in millimeters. Estimated dimensions between brackets. |, juvenile. 


Calcaneum 

ACA-150 

ACA-112b 

ACA-67 

ACA-73 

ACA-62 

ACA-61 j 

Maximal length 

115.5 






Length of proximal part 

75.0 



[72] 



Minimal breadth 

24.0 

22.0 

24.0 

23.0 

22.0 


Proximal maximal breadth 

35.0 






Proximal maximal depth 

52.0 



54.0 



Distal maximal breadth 

59.0 

56.0 

60.0 


55.0 

54.0 

Distal maximal depth 

53.0 

53.0 

53.5 

54.0 

53.0 

47.0 


Table 13. —Third metacarpals (Mclll) and metatarsals (Mtlll): measurements in millimeters. Estimated dimensions between brac¬ 
kets. art., articular; dist., distal: min., minimal; med., medial. 


Mclll 

ACA-237 

ACA-49a 

ACA-345 

ACA-346 

ACA-54 

ACA-257 

ACA-149a ACA-238a 

Maximal length 

199.0 

208.0 

194.0 

200.0 

200.0 

204.0 

198.0 


Minimal breadth 

31.0 

34.0 

34.5 

36.0 

32.5 

32.5 

33.0 

32.0 

Depth at mid-diaphysis 

24.0 

26.0 

24.0 

26.8 

23.0 

24.0 

24.0 

24.7 

Proximal articular breadth 

46.5 

50.0 

50.0 

49.0 

47.0 

49.0 

48.5 


Proximal articular depth 

29.5 

33.0 

32.0 

33.0 

31.5 

34.0 

32.0 


Distal maximal supra-art. breadth 

44.0 

49.4 

48.0 


45.7 


48.5 


Distal maximal articular breadth 


48.0 

44.8 

48.0 

[43] 


45.0 

44.0 

Distal maximal depth ot keel 

33.0 

35.0 

33.0 

35.0 

32.0 


35.0 

35.5 

Dist. min. depth of medial condyle 
Dist. maximal depth 

26.5 

29.0 

26.3 

30.0 



27.3 

28.5 

of med. condyle 

28.0 

30.5 

28.0 

32.0 



29.2 

31.0 

Diameter facet lor the 3rd carpal 

39.0 

41.0 

41.0 



40.0 

41.0 


Diameter facet lor the 4lh carpal 

14.0 

15.0 

14.0 



15.0 

14.0 



Mtlll ACA-347 

ACA-52 

ACA-51 

ACA-12-la 

ACA-53 

ACA-48 

ACA-50 

ACA-112C 

Maximal length 

242.0 

246.0 

233.0 

234.0 

220.0 

238.0 

230.0 


Minimal breadth 

35.0 

33.5 

29.0 

29.0 

33.0 

32.0 

31.0 

31.0 

Depth at mid-diapnysis 

31.5 

30.0 

27.0 


28.5 

31.0 

31.0 

28.0 

Proximal articular breadth 

50.0 

51.0 

48.0 





49.0 

Proximal articular depth 

39.0 

39.0 

37.0 





37.0 

Distal maximal supra-art breadth 


49.5 

43.0 

43.0 





Distal maximal articular breadth 

44.0 

47 0 

42.7 

42.7 

46.0 




Distal maximal depth of keel 


37.0 

35.0 

32.0 

36.0 




Dist. min. depth of medial condyle 

30.0 

30.0 

28.0 

25.0 





Dist. maximal depth of med. condyle 

33.0 

32.0 

29.5 

30.0 





Diameter facet for the 3rd tarsal 

47.0 

47.0 

43.5 

44.0 




44.0 

Diameter lacet for the. 41b tarsal 

12.0 

13 0 

10.0 

11.0 


12.0 


13.0 
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Table 14. — First, second and third phalanges of the central digit, measurements in millimeters. Estimated dimensions between 
brackets. Ant., anterior; Post., posterior; Juv., juvenile; tuber., tuberosities. 


Phi 

Ant. 

ACA-74 

Ant. 

ACA-78 

Ant. 

ACA-106 

Post. 

ACA-122 

Post. 

ACA-123 

Maximal length 

69.0 

65.5 

71.7 

66.0 

67.5 

Anterior length 

61.0 

57.5 

66.0 

59.5 

59.0 

Minimal breadth 

34.8 

35.0 

36.0 

34.0 

35.0 

Proximal breadth 


48.0 

50.0 

46.0 

47.7 

Proximal depth 

34.0 

33.0 

35.7 

35.5 

35.5 

Distal breadth at tuber. 

40.7 

41.0 

45.0 

39.0 

39.2 

Distal articular breadth 

42.5 

42.0 

44.8 

40.0 


Distal articular depth 

24.0 

22.0 

24.0 

22.8 



Phil 

Ant. 

ACA-81 

Ant. 

ACA-260 

Post. ? 
ACA-113 

Post. ? 

ACA-83 


Maximal length 

48.0 

47.5 

45.0 

44.0 


Anterior length 

39.0 

37.0 

35.0 

35.0 


Minimal breadth 

44.0 

41.0 

40.0 

39.0 


Proximal breadth 

52.0 

52.0 

47.0 

[45] 


Proximal depth 

32.0 

31.0 

30.0 

30.0 


Distal articular breadth 

51.0 

45.5 

43.0 

42.0 


Distal articular depth 

25.0 


24.0 

24.0 



Ant. Ant. Post. Post. Post. Juv. 

Phlll ACA-125 ACA-251 ACA-126 ACA-89 ACA-88 


Maximal length 

59.0 

[57] 

65.0 

61.0 

[50] 

Anterior length 

60.0 

[55] 

65.0 

63.5 

[54] 

Maximal breadth 

78.0 

76.0 

71.5 

69.0 

58.0 

Articular breadth 

52.0 

48.0 

47.0 

45.0 

40.0 

Articular depth 

25.0 

26.5 

25.0 

25.5 

23.5 

Circumference 

[170] 

[150] 

165.0 

150.0 

[125] 
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Table 15.— Individual and average data on some size indicators in equids. Body weights In kilograms. Basilar lengths (Basilar L) 
and other measurements in millimeters. MC10, MT10, distal maximal supra-articular breadth of third metacarpals and third meta¬ 
tarsals; MC13. MT13, distal minimal depth of the medial condyle ot third metacarpals and third metatarsals; Ml OL, occlusal length 
of upper Ml; Ml Ob. occlusal breadth of the upper Ml, n, number of specimens. 



Weight 

n 

MC10 

MC13 

n 

MT10 

MT13 

n 

Donkey, Kiel 9272 

98.5 

i 

29.0 

19.0 

1 

28.7 

19.7 

i 

Donkey. Kiel 29027 

130.3 

i 

34.5 

21.0 

1 

34.6 

22.0 

i 

Donkey, Kiel 1395 

207.0 

i 

43.5 

28.0 

1 

43.5 

26.8 

i 

Donkey, Kiel 1399 

138.5 

i 

37.5 

22.0 

1 

35.5 

21.8 

i 

Donkey. Kiel 26192 

163.5 

i 

31.0 

19,0 

1 

30.6 

21.0 

i 

Horse, Kiel 16449 

140.0 

i 

36.0 

21.0 

1 

36.0 

21.0 

i 

Horse, Kiel 20253 

193.0 

i 

38.0 

24.0 

1 

37.0 

22.9 

i 

Horse, Kiel 20914 

158.0 

i 

36.0 

22.2 

1 

37.0 

22.0 

i 

Horse, Kiel 16438 

143.0 

i 

32.0 

19.5 

1 

33.0 

20.0 

i 

Horse, Kiel 31431 

263.0 

i 

48.0 

28.5 

1 

49.0 

29.0 

i 

Horse, Kiel 16719 

209.0 

i 

40.0 

24.0 

1 

40.0 

24.0 

i 

Horse, Kiel 18146 

179.0 

i 

46.0 

27.0 

1 

46.5 

28.0 

i 

Horse, AC 1937-51 

142.0 

i 

37.0 

20.5 

1 

36.0 

20.5 

i 

Przewalski, average 

274.8 

5 

46.0 

28.6 

8 

47.6 

27.7 

7 

Plains zebra, min 

175.0 

? 

40.0 

22.8 

26 

39.8 

23.4 

26 

Plains zebra, max 

320.0 

? 

48.0 

29.0 

26 

47.0 

28.0 

26 

Hartmann s zebra, min 

276.0 

9 

41.5 

25.0 

16 

43.0 

24.0 

16 

Hartmann's z., average 

309.5 

? 

44.3 

26.4 

16 

44.2 

26.1 

16 

Hartmann's zebra, max 

343.0 

? 

46.5 

28.0 

16 

46.0 

27.0 

16 

Grevy's zebra, min 

352.0 

9 

42.6 

26.5 

21 

41.4 

26.4 

21 

Grevy’s zebra, average 

400.0 

? 

46.1 

28.3 

21 

46.5 

28.2 

21 

Grevy’s zebra, max. 

450.0 

? 

49.5 

29.7 

21 

49.0 

30.0 

21 

Poitou max. 

410.0 

? 

50.5 

32.5 

4-5 

49.5 

30.9 

4-5 

H. heintzi, Qalta 



47.1 

27.9 

5-6 

47.0 

27.9 

5-6 

H. cf longipes, Qalta 






40.0 

28.0 

1 

H. longipes, Pavlodar 



36.5 

26.4 

2 

39.0 

26.0 

1 



Basilar L 

n 

Ml OL 

Ml Ob 

n 

Donkey, Kiel 9272 

352 

i 

21.0 

22.0 

1 

Donkey, Kiel 29027 

383 

i 

21.0 

24.0 

1 

Donkey. Kiel 1395 

452 

i 

21.0 

24.0 

1 

Donkey, Kiel 1399 

410 

i 

21.0 

24.0 

1 

Donkey, Kiel 26192 

350 

i 

20.3 

22.3 

1 

Horse, Kiel 16449 

375 

i 

24.5 

23.5 

1 

Horse, Kiel 20253 

390 

i 

19.0 

22.0 

1 

Horse, Kiel 20914 

370 

i 

21.0 

23.0 

1 

Horse, Kiel 16438 

368 

i 

22.0 

22.0 

1 

Horse, Kiel 31431 

492 

i 

27.3 

25.1 

1 

Horse, Kiel 16719 

395 

i 

21.0 

22.7 

1 

Horse, Kiel 18146 

440 

i 

23.5 

25.0 

1 

Horse, AC 1937-51 

377 

i 

22.0 

23.0 

1 

Przewalski, average 

487 

ii 

25.9 

27.4 

10 

Plains zebra, min. 

405 

169 

18.0 

20.7 

101 

Plains zebra, max. 

486 

169 

24.5 

26.0 

101 

Hartmann's zebra, min. 

435 

46 

21.0 

23.4 

40 

Hartmann's z., average 

473 

46 

23.7 

25.5 

40 

Hartmann’s zebra, max 

510 

46 

28.0 

27.0 

40 

Grevy's zebra, min. 

485 

51 

21.0 

24.4 

44 
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Basilar L 

n 

Ml OL 

Ml Ob 

n 

Grevy's zebra, average 

532 

51 

24.8 

26.2 

44 

Grevy's zebra, max. 

560 

51 

28.0 

28.0 

44 

Poitou max. 

538 

5 

26.5 

28.0 

5 

H. heintzi, Qalta 



24.5 

23.0 

1 

H. longipes, Pavlodar 



25.8 

25.9 

10 


Table 1 6. — Percentages of error found when different equations are used to estimate average boby weights of modern Equus from 
average variables. The averages are either already printed in table 15, or calculated from data printed in table 15. Alberdi et al., 
paper of 1995, cited in text. MC10. MT10, distal supra-articular breadths of third metacarpals and metatarsals; MC13, MT13, distal 
minimal depths of the medial condyle of third metacarpals and third metatarsals; MC1Q x MC13 and MT10 x MT13, products of the 
latter, Surface of Ml, product of occlusal length by occlusal breadth ot the Upper first molar. 



Alberdi et al. 
% error 

MC10 

This paper 
% error 

Alberdi et al. 
% error 

MC13 

This paper 
% error 

This paper 
% error 

MC10X MC13 

Donkeys 

7.2 

-4.7 

11.7 

6.9 

0.2 

Poitou donkeys 

7.6 

2.5 

36.3 

11.6 

7.8 

Horses 

20.2 

9.3 

13.3 

6.1 

6.9 

Przewalski’s horses 

23.3 

15.4 

37.5 

18.3 

17.0 

plains zebras 

20.9 

12.2 

12.8 

0.9 

5.8 

Hartmann’s zebras 

-1.5 

-8.5 

-4.4 

-15.1 

-12,2 

Grevy's zebras 

-14.7 

-20.1 

-8.5 

-20.9 

-20.5 


Surface of Ml 

Donkeys 

22.7 

22.2 


Poitou donkeys 

48.8 

-2.5 


Horses 

28.7 

18.1 


Przewalski’s horses 

95.5 

33.9 


plains zebras 

-17.9 

-21.4 


Hartmann's zebras 

9.5 

-12.1 


Gravy’s zebras 

4.5 

-22.0 





MT10 

MT13 


MT10 X MT13 


Donkeys 

10.8 

-2.9 

31.1 

8.1 

0.8 


Poitou donkeys 

10.6 

3.0 

25.4 

13.5 

8.2 


Horses 

25.1 

11.7 

24.3 

3.8 

7.7 


Przewalski’s horses 

32.4 

21.6 

29.9 

13.6 

18.0 


plains zebras 

16.9 

6.0 

16.8 

0.1 

2.9 


Hartmann's zebras 

-2.2 

-11.1 

-2.4 

-16.1 

-13.5 


Grevy's zebras 

-14.1 

-21.4 

-6.0 

-17.4 

-19.6 
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